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Pseudoe las t i c i ty  and the s t r a i n - m e m o r y  effect have been studied in a l loys  with compos i -  
t ions  in the range  Cu-33 to 35 wt pct Zn-3 to 3.5 wt pct Sn, having a re ta ined  fl s t r u c t u r e  
and a m a r t e n s i t i c  t r a n s f o r m a t i o n  below room t e m p e r a t u r e .  The a l loys  show ma x i mum 
pseudoe la s t i c i t i e s  of 8.5 pct for  s ingle  c r y s t a l s  and 4.5 pct for po lyc rys t a l s  at t e m p e r a -  
t u r e s  close to At .  In s ingle  c r y s t a l s  high e las t ic i ty  is  re ta ined  to at l eas t  100~ above A( 
but in po lyc rys t a l s  it d e c r e a s e s  rapidly  above At .  The s t r a i n - m e m o r y  effect occur s  on 
deformat ion  below M s with subsequent  heat ing between A s and At .  The two effects a re  com- 
p l e m e n t a r y ,  such that when one is  l a rge  the other  is  sma l l  and vice ve r sa .  The total  p se u -  
doelas t ic  and s t r a i n - m e m o r y  r e c o v e r i e s  a r e  n o r m a l l y  c lose  to 100 pct.  Both effects can be 
explained on the bas i s  of the format ion  of a p a r t i c u l a r  va r ian t  of the m a r t e n s i t e  giving s ig -  
n i f icant  e longat ions  to the spec imens .  For  pseudoe las t i e i ty ,  the in i t i a l  s t r uc t u r e  is  the 
phase and the or ien ted  m a r t e n s i t e  r e v e r t s  to the fl phase on remova l  of the s t r e s s .  In the 
s t r a i n - m e m o r y  effect the in i t ia l  s t r uc t u r e  is  o r ien ted  t he r ma l  m a r t e n s i t e  and the o r ien ted  
m a r t e n s i t e  d i s appea r s  only on heat ing to between A s and A f  so that the m a r t e n s i t e  r e v e r t s  
to the ~ ma t r i x .  

I N  a recent  paper ,  Pops 1 has shown that c o a r s e -  
g ra ined  spec imens  of fl C u - Z n - S n  and Cu-Zn-S i  can 
have high degrees  of pseudoelas t ic i ty .  In these  a l loys  
the high t e m p e r a t u r e  /3 phase is  r e t a ined  on quenching 
with a m a r t e n s i t e  t r a n s f o r m a t i o n  occu r r i ng  jus t  below 
room t e m p e r a t u r e .  On s t r e s s i n g  at room t e m p e r a t u r e ,  
the m a r t e n s i t e  becomes  t he rmodynamica l l y  s table  and 
g ives  l a rge  e longat ions  to the spec imen .  On r emova l  of 
the s t r e s s  the m a r t e n s i t e  d i sappea r s  and the spec imen  
r ega ins  i t s  o r ig ina l  length,  thus giving pseudoe las t i c  
behavior .  S imi la r  pseudoe las t i c  effects have been r e -  
ported in Cu-AI-Ni, 2'3 Au-Cd, 4 In-Tl, 5 and Ag-Cd. 6 

The strain-memory effect has not been specifically 
reported in the Cu-Zn-Sn system, but has been found 
in several analogous alloys, such as Au-Cd, 7 In-Tl, 8 
Ti-Ni, 9 Ti-Nb, '~ Cu-AI-Ni, 3'n and Cu-Zn. 12 In this ef- 
fect, an alloy is deformed below M s and shows complete 
recovery on heating to between A s and Af. 

There is obviously a very close interrelationship be- 
tween pseudoelastieity and the strain-memory effect 
and the purpose of this paper will be to discuss this in 
Cu-Zn-Sn alloys. The observations of Pops I will be 
extended to cover single crystals, with polycrystalline 
observations being discussed where they differ from 
single crystal ones. 

EXPERIMENTAL 

Alloys were melted in evacuated quartz tubes using 
high purity copper (99.98 pct), zinc (99.999 pct), and 
tin (99.99 pct) and homogenized by annealing at 810~ 
for 24 hr. 

Polycrystalline specimens were produced by hot roll- 
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ing at 810~ to a th ickness  of 0.045 in. ,  and then cold 
ro l l ing  to 0.040 in.  

Single c r y s t a l s  were  grown by the s tandard  Br idgman  
method.  The p rev ious ly  cast  b i l l e t s  were  r e sea l ed  in 
quar tz  tube and sol idif ied at a ra te  of 5 cm pe r  h r  f rom 
a point  to give a c rys ta l  of uncont ro l led  o r ien ta t ion  but 
with a tendency to be modera te ly  close to (110). Sl ices  
0.040 in. thick were  cut f rom the b i l l e t s  by spark  
machin ing .  

Tens i l e  spec imens  were  produced f rom the s ingle  and 
po lyc rys t a l l i ne  s t r ip  by spark  machin ing .  They were  
solut ion t r ea ted  at 810~ for 1 min  and then quenched 
into 10 pct caust ic  soda solut ion to re ta in  the fl phase .  
The po lyc rys t a l l i ne  m a t e r i a l  had a g ra in  s ize  of 1 to 
2 mm.  

All t ens i l e  t e s t s  were  c a r r i e d  out with an Ins t ron  
machine  at a c r o s s - h e a d  speed of 0.005 in.  pe r  min 
and were  co r rec t ed  for  mach ine  compl iance .  Tes t s  
below room t e m p e r a t u r e  were  made in chi l led ethyl 
a lcohol .  The s t r a i n - m e m o r y  effect was studied by 
stressing a specimen and then unloading it at a fixed 
temperature. On warming up to a given temperature 
the load increased again and the strain required to 
bring the load back to zero gave a measure of the 
strain-memory recovery at that temperature. 

Transformation temperatures were measured by 
visual observation of specimens cooled in ethyl alcohol. 
In general, etching was not required to observe the mi- 
crostructure. Habit planes of the martensite were 
found by the standard two-surface method. For stress- 
induced martensite, specimens were strained in a 
small tensile device and the martensite traces were 
photographed on two surfaces at right angles to each 
other. 

RESULTS AND DISCUSSION 

Typical stress-strain curves for single crystal spec- 
imens oriented close to [011] are shown in Fig. 1. The 
alloy had a composition of 62.3 wt pct Cu, 34.7 wt pct 
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Fig. 1--Effect of temperature on the 
s t ress-s t ra in  curves for Cu-34.7 wt pct 
Zn-3.0 wt pct Sn single crystal speci- 
mens. 

(a) 

(e) 

Fig. 2--Direct observations of SIM taken while stressing a 
single crystal. Magnification 35 times. 

Zn, and 3.0 wt pct Sn and the following t r a n s f o r m a t i o n  
t e m p e r a t u r e s :  Mf = -65~ M s = -52~ A s = -50~ 
and A f  = -38~ 

At t e m p e r a t u r e s  above Af, the s t r e s s - s t r a i n  cu rves  
a re  very  s i m i l a r  to those obtained by Pops and the 
spec imens  show very  high degrees  of e las t ic i ty  (up to 
9 pct).  The in i t ia l  l i nea r  por t ion of the t ens i l e  curve  
shows s ignif icant  e las t i c i ty ,  va ry ing  f rom 0.5 pct s t r a in  
at -31~ to 1.55 pct s t r a in  at 77~ These  apparen t  
e las t ic  s t r a in  va lues  a re  much l a r g e r  than for a n o r -  
ma l  meta l  and can be explained as  due to the ve ry  low 
s t rength  of the ~ la t t ice  to a {110}(110) shear .  As d i s -  
cussed  by Zener ,  ~3 th is  low s t rength  a lso  gives  r i s e  to 
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a l a rge  i n c r e a s e  in e las t ic  modulus  with t e m p e r a t u r e ,  
in the p r e se n t  case  f rom 1 • 106 psi  at -29~ to 2.3 
• 106 ps i  at 77~ 

Most of the e las t ic i ty  obse rved  is  a s soc ia t ed  with the 
pla teau region of the s t r e s s - s t r a i n  curve  and this  is  
due to s t r e s s - i n d u c e d  m a r t e n s i t e  (SIM) format ion .  Di-  
rec t  obse rva t ions  of the m a r t e n s i t e  show that it s t a r t s  
to fo rm at the ve ry  beginning  of the pla teau region of 
the s t r e s s - s t r a i n  curve ,  Fig.  2(a). It is  in the form of 
ve ry  thin p la tes  c h a r a c t e r i s t i c  of t he r moe l a s t i c  m a r -  
t ens i t e .  With i n c r e a s i n g  s t r a in ,  F igs .  2(b) to 2(d), 
m o r e  and more  p la tes  fo rm a c r o s s  the spec imen  unti l  
at the end of the plateau por t ion  t r a n s f o r m a t i o n  to m a r -  
t ens i t e  is  complete  and individual  p la tes  cannot be r e -  
solved. This  gradual  p r oc e s s  of dens i f ica t ion  of m a r -  
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Fig. 3--Recovery of a single crystal specimen deformed at 
--69~ and allowed to slowly warm up. 
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Fig. 4--Effect  of de fo rma t ion  t e m p e r a t u r e  on the e l a s t i c  
s t r a i n - m e m o r y  r e c o v e r y  in s ingle  c r y s t a l  s p e c i m e n s ,  show-  
ing a l m o s t  comple te  r e e o v e r y  of s t r a in .  

t ens i t e  need les  is  quite different  f rom the sudden 
fo rmat ion  of b u r s t  m a r t e n s i t e  observed  in Cu-A1-Ni 3 
and r e su l t s  in much smoother  s t r e s s - s t r a i n  cu rves .  

At t e m p e r a t u r e s  below . 4 / t h e  e las t ic i ty  drops  ve ry  
rapidly .  Above Mr, the s t r e s s i n g  s t i l l  causes  f o r m a -  
t ion of SIM but th is  is  s tab le  once fo rmed  and does not 
r e v e r t  to the ~ phase on remova l  of the s t r e s s .  Below 
M / t h e  s t r uc tu r e  is  comple te ly  m a r t e n s i t i c  to s t a r t  
with and cannot show any SIM format ion .  Specimens  
s t i l l  have a ce r t a in  amount  of e las t ic i ty ,  however ,  
s ince  the m a r t e n s i t e  s t r u c t u r e  wil l  have a low r e s i s t -  
ance  to shea r  jus t  l ike the ~ ma t r i x .  

Specimens  deformed below A s show s igni f icant  r e -  
covery  when heated.  Fig .  3 shows c l ea r ly  that this  r e -  
covery is  a s soc ia t ed  with the t r a n s f o r m a t i o n  of the 
m a r t e n s i t e  to the /3 ma t r ix ,  with r ecove ry  s ta r t ing  at 
A s and being complete  at  Af .  Fig.  4 shows both the 
pseudoe las t i c  and s t r a in  m e m o r y  r e c o v e r i e s  for spec i -  
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Fig. 5--Effect  of t e m p e r a t u r e  on the s t r e s s - s t r a i n  c u r v e s  fo r  
Cu-33.3 wt pct Zn-3.2 wt pct Sn po lyc rys t a l l i ne  s p e c i m e n s .  
The effect  of hea t ing  the s p e c i m e n  to r o o m  t e m p e r a t u r e  at 
cons tan t  s t r a i n  and then r e l e a s i n g  the load is a l so  shown. 

m e n s  deformed at va r ious  t e m p e r a t u r e s  and al lowed to 
w a r m  up to room t e m p e r a t u r e .  The graph shows ve ry  
c l ea r ly  the re la t ionsh ip  between the two effects--when 
one is  l a rge ,  the other  is  sma l l .  Total  r ecove ry  is  
approx imate ly  96 pct for a l l  t e m p e r a t u r e s  up to Af .  
Above this  it slowly d e c r e a s e s  due to p las t ic  de fo rma-  
t ion of the m a r t e n s i t e  owing to the i n c r e a s i n g  s t r e s s  
for  SIM format ion .  

The pseudoe las t i c  and s t r a i n - m e m o r y  obse rva t ions  
for po lyc rys t a l l i ne  spec imens  showed the same  main  
f ea tu re s  as  for s ingle  c r y s t a l s .  The al loy used  had a 
composi t ion of Cu-33.3 wt pct Zn-3 .2  wt pct Sn and the 
following t r a n s f o r m a t i o n  t e m p e r a t u r e s :  M / =  -34~ 
M s = -27~ A s = -25~ and A f  = -14~ The s t r e s s -  
s t r a in  cu rves  in Fig .  5 give the pseudoe las t ic i ty  f rom 
the r ecove ry  on unloading at a fixed t e m p e r a t u r e .  The 
s t r a i n - m e m o r y  r ecove ry  is  given by heat ing the spec i -  
men to above A / a t  constant  s t r a in  and then finding the 
s t r a in  r ecove red  on r e l e a s e  of the s t r e s s .  As in s ingle  
c r y s t a l s ,  when one effect i s  l a rge  the o ther  is  sma l l  
and the total  r ecove ry  is  at leas t  90 pct for t e m p e r a -  
t u r e s  up to Af .  

One of the ma j o r  d i f fe rences  with po lyc rys t a l s  com-  
pa red  with s ingle  c rys t a l  t e s t s  was that the m a x i m u m  
amount  of r ecove ry  was much less--4.5 pct s t r a i n  com-  
pa red  with 8.5 pct s t r a in  for  s ingle  c r y s t a l s .  This  is  
due to the fact that when m a r t e n s i t e  f o r ms  it cannot 
extend r ight  a c r o s s  the spec imen  but is  r e s t r i c t e d  by 
the g ra in  bounda r i e s  and p las t i c  deformat ion  occur s  
the re  at r e la t ive ly  ear ly  s tages  in the t r a n s f o r m a t i o n .  
The other  m a j o r  d i f fe rence  is that in p o l y c r y s t a l s  the 
e las t ic  r ecove ry  has a m a x i m u m  close to A f  and de-  
c r e a s e s  rapidly  above th i s  t e m p e r a t u r e ,  Fig.  6. The 
r eason  for  this  rapid  dec rease  compared  with s ingle  
c r y s t a l s  is  that at the high t e m p e r a t u r e s ,  the s t r e s s  
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Fig. 6--Effect of temperature on the pseudoelastic recovery 
in single and polyerystalline specimens. 
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Fig. 7--Observed habit planes for thermal and stress-induced 
martensite together with the calculated plane from the WLR 
analysis. 

r equ i red  for  nuc lea t ion  of m a r t e n s i t e  ins ide  the g r a i n s  
is  suff icient  to cause p las t ic  deformat ion  at the gra in  
boundar i e s  and so give n o n r e c o v e r a b l e  sl ip.  

Habit p lanes  for t h e r m a l  s t r e s s - i n d u c e d  m a r t e n s i t e  
were  m e a s u r e d  for s eve ra l  spec imens  as  shown in 
Fig.  7. In al l  ca ses  the habit  p lane was found to be 
close to {110}. 

Ahle rs  and Pops 14 have applied the W e c h s l e r - L i e b e r -  
m a n n - R e a d  (WLR) theory  15 for t h e r m a l  m a r t e n s i t e  to 
deformat ion  m a r t e n s i t e  in Cu-Zn  s ingle  c r y s t a l s .  They 
find that l a t t i c e - i n v a r i a n t  shea r s  of {110}(110} give 
habit  p lanes  close to {110} and in good ag reeme n t  with 
exper iment .  A {110}(110} shear  s e e m s  p a r t i c u l a r l y  
probable  owing to the low s t rength  of the m a r t e n s i t e  
in this  d i rec t ion .  A s i m i l a r  ca lcula t ion for  the p r e s e n t  
al loy gives  a habit  p lane in modera te  a g r e e m e n t  with 
the exper imenta l  data for  a (110)[110] shear .  The la t -  
t i ce  p a r a m e t e r s  used  for  th is  ca lcula t ion  were  
a = 2.940A for  the /3 phase  and a = 2.678A, b = 4.283A, 
c = 4.474A for the or thorhombic  m a r t e n s i t e ,  with the 
Bain re la t ionsh ip  [100]~ II [010]o and [010]~ II [ i l0]o.  1~ 
Other  poss ib le  shea r s  such as  (011) [0 i l ] ,  (111)[112] 
do not give nea r ly  such good ag reemen t  with expe r i -  
ment .  

The WLR theory also gives  the magni tude and d i r e c -  
t ion of the macroscop ic  shear  a s soc ia t ed  with the fo r -  
mat ion  of a m a r t e n s i t e  plate .  In the p r e sen t  case  the 
macroscop ic  shear  is  0.1974 in the (0.8429, 0.2079, 
0.4963) d i rec t ion .  As d i scussed  by Kr i shnan  and 
Brown, ~ the macroscop ic  shea r  dur ing SIM format ion  
is  r e spons ib le  for the spec imen  elongat ion.  Mar t ens i t e  
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Fig. 8--Stereographic project ion showing contours of equal 
strain obtained during SIM formation for various orientations 
of the tensile axis. 

f o r m s  on the p a r t i c u l a r  va r i an t  of the habit  p lane that 
is  mos t  favored by the applied s t r e s s .  This  va r i an t  is  
the one in which the shear  component  of the applied 
s t r e s s  is a ma x i mum in the d i rec t ion  of the m a c r o -  
scopic shear  a s soc ia t ed  with the m a r t e n s i t e  t r a n s -  
fo rmat ion .  The elongation assoc ia ted  with the p a r t i c -  
u l a r  va r i an t  can then be ca lcula ted  f rom 

1 E = -~ sin 2r t a n 7  c o s a  

where  

r i s  the angle  between the habit  p lane n o r m a l  and 
the t ens i l e  axis  

is  the angle between the plane containing the 
habit  p lane  n o r m a l  and the t ens i l e  ax is  and the 
plane containing the habit  p lane n o r m a l  and the 
t ens i l e  axis  

t a n y  is  the macroscop ic  shear  

All these  quant i t i es  can be ca lcula ted  f rom the WLR 
a na l y s i s .  As shown in Fig.  8, the elongation is  a func-  
t ion of spec imen  or ien ta t ion ,  being ve ry  l a rge  close to 
[001] and dec reas ing  p r o g r e s s i v e l y  on moving away 
f rom this  o r ien ta t ion .  Apart  f rom o r i en ta t ions  close 
to [111] e longat ions  a s soc ia t ed  with SIM format ion  co r -  
respond to at l eas t  5 pct s t r a in .  To this  mus t  be added 
the apparen t  e las t ic  elongation at the beginning of the 
s t r e s s - s t r a i n  curve  which can be as  la rge  a s  1.5 pct 
s t r a in .  Hence the theory explains  the obse rved  pseudo-  
e las t ic  effect sa t i s fac to r i ly .  

The s t r a i n - m e m o r y  effect can be explained in the 
same  m a n n e r .  Mar t ens i t e  f o r ms  on cooling with neg l i -  
gible d imens iona l  changes in the spec imen (<0.1 pct), 
provided it i s  under  zero  s t r e s s .  This  is  because  al l  
va r i an t s  of the m a r t e n s i t e  fo rm and any elongation a s -  
socia ted  with one p a r t i c u l a r  va r i an t  is  cance l led  out 
by one of the o thers .  On s t r e s s i n g ,  however ,  one v a r i -  
ant grows at the expense of the o thers  so that  u l t i -  
mate ly  only one or ien ta t ion  of m a r t e n s i t e  ex is t s .  The 
amount  of s t r a in  assoc ia ted  with this  change in the m i -  
c r o s t r u c t u r e  is  given by Fig.  8. On r e l e a se  of the 
s t r e s s ,  the o r ien ted  m a r t e n s i t e  is  unaffected except 
for the r e l ea se  of e las t ic  s t r a in .  Only on heat ing to 
between A s and Af where  the or ien ted  m a r t e n s i t e  
t r a n s f o r m s  to the /3 ma t r ix  is  the s t r a i n  r ecove red .  

The p r e se n t  explanat ion for the s t r a i n - m e m o r y  ef-  
fect i s  different  f rom the m o r e  common one which 
a t t r ibu ted  it to a change in the in te rna l  s t r u c t u r e  of 
the t he rma l  m a r t e n s i t e  with one twin or ien ta t ion  grow- 
ing at the expense of the other to give the r equ i r ed  
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s t r a i n  i t  I t  i s  p o s s i b l e  t h a t  s t r e s s i n g  w o u l d  c a u s e  a 
c h a n g e  in  t h e  s t a c k i n g  f a u l t  c o n f i g u r a t i o n  i n /3  C u - Z n -  
Sn.  H o w e v e r  t h i s  w o u l d  t e n d  to  c a u s e  a c h a n g e  in c r y s -  
t a l  s t r u c t u r e  a n d  a n  e x p l a n a t i o n  b a s e d  on  t h e  g r o w t h  of  
o n e  v a r i a n t  a t  t h e  e x p e n s e  of t h e  o t h e r s  s e e m s  p r e f -  
e r a b l e .  

CO N C L U SI O N S 

1) S i n g l e  c r y s t a l s  of  t3 C u - Z n - S n  h a v e  m a x i m u m  
p s e u d o e l a s t i c  s t r a i n s  of 8.5 p c t ,  w h i l e  p o l y c r y s t a l l i n e  
s p e c i m e n s  h a v e  m a x i m u m  s t r a i n s  of 4 .5  p c t .  

2) S i n g l e  a n d  p o l y c r y s t a l l i n e  s p e c i m e n s  c a n  h a v e  
f a i r l y  l a r g e  a m o u n t s  of a p p a r e n t  e l a s t i c  s t r a i n ,  in  
s o m e  c a s e s  up  to  1.6 p c t .  T h i s  i s  due  to  t h e  i n s t a b i l i t y  
of t h e  m a t r i x  a n d  m a r t e n s i t e  s t r u c t u r e s  to  a {110} 
(110) s h e a r .  

3) T h e  g r e a t e s t  f r a c t i o n  of t h e  p s e u d o e l a s t i c i t y  i s  
a s s o c i a t e d  w i t h  SIM f o r m a t i o n  a n d  on ly  o c c u r s  a b o v e  
A s .  In s i n g l e  c r y s t a l s ,  p s e u d o e l a s t i c i t y  i s  m a i n t a i n e d  
to  a t  l e a s t  100~ a b o v e  A f ,  w h i l e  in  p o l y c r y s t a l s  s i g -  
n i f i c a n t  p s e u d o e l a s t i c i t y  o c c u r s  on ly  c l o s e  to  A f  w i t h  
p l a s t i c  d e f o r m a t i o n  o c c u r r i n g  a t  h i g h e r  t e m p e r a t u r e s .  

4) T h e  s t r a i n - m e m o r y  e f f e c t  o c c u r s  on d e f o r m a t i o n  
b e l o w  M s a n d  s u b s e q u e n t  h e a t i n g  b e t w e e n  A s a n d  A f .  
T h e r e  a p p e a r s  to  b e  n o  l o w e r  l i m i t  to  t h e  d e f o r m a t i o n  
t e m p e r a t u r e  b e l o w  M r .  

5) T h e r e  i s  a v e r y  c l o s e  r e l a t i o n s h i p  b e t w e e n  p s e u -  
d o e l a s t i c i t y  a n d  t h e  s t r a i n  m e m o r y  e f f e c t  s u c h  t h a t  
w h e n  one  i s  s m a l l  t he  o t h e r  i s  Large  a n d  v i c e  v e r s a .  
T h e  t o t a l  r e c o v e r y - - p s e u d o e l a s t i c  p l u s  s t r a i n - m e m -  
o r y - i s  c l o s e  to  100 p c t  e x c e p t  f o r  p o l y c r y s t a l s  a b o v e  
A s . 

6) B o t h  t h e r m a l  m a r t e n s i t e  a n d  SIM h a v e  h a b i t  
p l a n e s  c l o s e  to  {110}. T h i s  c a n  b e  e x p l a i n e d  f r o m  t h e  
W L R  t h e o r y  a s s u m i n g  a l a t t i c e  i n v a r i a n t  s h e a r  of (110) 
[110] .  T h i s  c o r r e s p o n d s  to  a s t a c k i n g  f a u l t  s h e a r .  

7) T h e  m a c r o s c o p i c  s h e a r  a s s o c i a t e d  w i t h  t h e  f o r -  
m a t i o n  of a m a r t e n s i t e  p l a t e  i s  r e s p o n s i b l e  f o r  t h e  
e l o n g a t i o n  of t h e  s p e c i m e n  on l o a d i n g .  F a v o r a b l y  
o r i e n t e d  m a r t e n s i t e  p l a t e s  g i v e  e l o n g a t i o n s  of 9 pc t  f o r  
s p e c i m e n s  h a v i n g  a (001} t e n s i l e  a x i s .  O t h e r  o r i e n t a -  
t i o n s  of t h e  t e n s i l e  a x i s  g ive  s m a l l e r  e l o n g a t i o n s ,  bu t  
in  g e n e r a l  a t  l e a s t  5 p c t .  

8) In t h e  p s e u d o e l a s t i c  e f f e c t  o r i e n t e d  m a r t e n s i t e  
p l a t e s  f o r m  f r o m  t h e  /3 m a t r i x  w h i l e  in  t h e  s t r a i n -  
m e m o r y  e f f e c t  t h e  o r i e n t e d  m a r t e n s i t e  f o r m s  f r o m  
u n o r i e n t e d  t h e r m a l  m a r t e n s i t e .  In b o t h  e f f e c t s  t h e  
e l o n g a t i o n s  a r e  s i m i l a r  a n d  t h e r e  i s  a v e r y  c l o s e  r e l a -  
t i o n  b e t w e e n  t h e  two  e f f e c t s .  

A C K N O W L E D G M E N T  

T h e  a u t h o r s  w i s h  to  t h a n k  D r .  R.  V.  K r i s h n a n  f o r  
h e l p f u l  d i s c u s s i o n s .  T h e  a u t h o r s  a l s o  w i s h  to  t h a n k  
t h e  N a t i o n a l  R e s e a r c h  C o u n c i l  of C a n a d a  f o r  f i n a n c i a l  
a s s i s t a n c e  in t h e  f o r m  of g r a n t  A - 2 5 4 9 .  
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